It is important to operate the driving circuit under the optimal condition through precisely sensing the power consumption causing the temperature made mainly by the MOSFET (metal-oxide semiconductor field-effect transistor) when a BLDC (Brushless Direct Current) motor operates. In this letter, a Super-junction (SJ) power TMOSFET (trench metal-oxide semiconductor field-effect transistor) with an ultra-low specific on-resistance of 0.96 mΩ·  under the same break down voltage of 100 V is designed by using of the SILVACO TCAD 2D
I. Introduction
For a conventional MOSFET, there is a trade -off between specific on-state resistance (      ) and breakdown voltage (  ). In order to overcome the trade-off, a SJ (superjunction) power TMOSFET (trench metal-oxide semiconductor field-effect transistor) structure [1] is proposed, which has P and N pillars with equal widths,   and   , respectively. The relationship between the doping concentrations and widths of the pillars is as follows.
where   and   are the doping concentrations of the P and N pillars in an SJ TMOSFET, respectively. In the SJ TMOSFET, the breakdown voltage is proportional to the length of the drift region of   as shown in Eq. (2) .
where   is the critical electric field.
(163) The channel resistance is given by
where   is the channel length,    is the width of unit cell,  n i is the channel electron mobility,    is the channel gate capacitance,   is the gate voltage, and   is the threshold voltage. The drift region resistance contributed from the mesa region can be computed by considering a small segment  of the drift region at a depth  from the bottom of the gate electrode. The drift resistance of the drift region is obtained by
where   is the cell width,   is the width of N pillar,   is the length of the drift region,  is the charge,    is the channel electron mobility, and     is the doping density of the drift region. An additional drift resistance of     in the TMOSFET structure is considered as the buffer layer positioned below the bottom of the trenches.
Temperature Sensor
For temperature sensing, the temperature change of the base-emitter voltage (  ) under a constant emitter current is measured.
where      is the temperature dependent base-emitter voltage,   is the reference temperature, and    is the temperature
The relationship between power and temperature is given by
where   and   represent junction and case temperature, respectively,  indicates power, and   represents thermal resistance. The main characteristics of an SJ TMOSFET with bipolar sensor are shown in Table 1 . The structure of SJ TMOSFET [3] with diode type temperature sensor is shown in Fig. 1, and the cross section [4] is designed in Fig. 2 . The power dissipation [5] [6] [7] becom es both w idely and uniformly distributed as the number of bonding wires increases. The power is more widely dispersed in the stripe bonding structure case, which is similar to four bondings, than one and 
III. Conclusion
The SJ TMOSFET with an embedded temperature sensor was successfully designed to meet the breakdown voltage of 100 V class and an ultra-low specific on-resistance of 0.96 Ω·  for a BLDC motor.
When assembling the SJ TMOSFET, the number of bonding wires and their positions should be considered dispersing the hot spot area locating near the bonding area. The hot spot area is dispersed as the number of bonding wires increases, and the stripe bonding type shows a suitable effective SJ TMOSFET package.
